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DUAL ELECTRODE INJECTION OF ANALYTE 
INTO A CAPILLARY ELECTROPHORETIC 

DEVICE 

FIELD 

[0001] The present teachings relates to an injection system 
for use With an electrophoretic device, and methods of using 
the injection system. 

BACKGROUND 

[0002] Electro-kinetic injection is the most common 
means of injecting an analyte, for example, DNA fragments, 
into an electrophoretic device. These devices include ana 
lytic devices such as capillary electrophoresis separation 
analyZers. One problem With electrophoretic devices is that 
the devices are generally only capable of extracting analyte 
from a small region or portion of an analyte-containing 
sample mixture or solution disposed in a sample Well. For 
example, electrophoretic devices are generally capable of 
extracting only about 0.1 microliter of analyte from 20 
microliters of analyte available in an analyte solution. Thus, 
only about 0.5% of the analyte is used. 

SUMMARY 

[0003] According to various embodiments, a system for 
injecting an analyte into an electrophoretic device is 
described. The system can include ?rst and second electric 
circuits. The system can include three electrodes, for 
example, such that the ?rst circuit includes a ?rst electrode 
and a second electrode, and the second circuit includes the 
?rst electrode and a third electrode. The ?rst electrode can 
be a cathode, and the second and third electrode can be 
anodes. The ?rst circuit can be run at about 5V or less, and 
can be used to concentrate analyte in an analyte-containing 
sample solution. The second circuit can be run at about 
1000V or more, and can be used to inject the concentrated 
analyte into a sample injection opening of an electrophoretic 
device having an electrophoretic channel, Wherein the elec 
trophoretic channel has an inner or core diameter, for 
example, of about 50 microns and an outer diameter of from 
about 150 microns to about 360 microns. 

[0004] According to various embodiments, an electro 
phoretic device is provided that includes such a system for 
analyte injection. 

[0005] In other embodiments, a method is provided for 
injecting an analyte into a sample injection opening of an 
electrophoretic device. The method can include: providing 
an analyte-containing mixture in a sample Well of the 
electrophoretic device; concentrating analyte from the mix 
ture in a region of the sample Well adjacent an electrode 
positioned near the sample injection opening; and injecting 
the concentrated analyte into the sample injection opening. 
Concentrating the analyte can be effected by operation of a 
?rst circuit, and injection of the concentrated analyte can be 
effected by operation of a second circuit. 

[0006] Additional embodiments are set forth in part in the 
description that folloWs, and in-part Will be apparent from 
the description, or may be learned by practice of the various 
embodiments described herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] FIG. 1 is a schematic diagram of a dual electrode 
injection system according to various embodiments; 
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[0008] FIG. 2 is a schematic diagram of the dual electrode 
injection system of FIG. 1 Wherein the ?rst circuit is 
activated; 
[0009] FIG. 3 is a schematic diagram of the dual electrode 
injection system of FIG. 1 Wherein the second circuit is 
activated; 
[0010] FIG. 4 is a schematic diagram of a dual electrode 
injection system according to other various embodiments; 
and 

[0011] FIG. 5 is a schematic diagram of a dual electrode 
injection system according to various embodiments Wherein 
a sample Well functions as a cathode. 

DETAILED DESCRIPTION OF CERTAIN 
EMBODIMENTS 

[0012] Reference Will noW be made in detail to various 
embodiments of the present teachings, examples of Which 
are illustrated in the accompanying draWings. While the 
present teachings are described in conjunction With various 
certain embodiments, it Will be understood that the present 
teachings are not intended to be limited to those certain 
embodiments. On the contrary, the present teachings are 
intended to cover alternatives, modi?cations, and equiva 
lents, Which may be included Within the present teachings as 
de?ned by the appended claims. 

[0013] Unless stated otherWise, the folloWing terms and 
phrases as used herein are intended to have the folloWing 
meanings. 

[0014] The term “analyte” refers to a biological substance 
or chemical compound of interest, or a group or mixture of 
such substances or compounds. For example, according to 
various embodiments, an analyte can be a sample of DNA, 
RNA, PNA, DNA fragments, RNA fragments, PNA frag 
ments, or other biological compounds or fragments thereof 
For example, the term “analyte” can refer to a group of 
different fragments all from the same type of DNA, for 
example, all from the DNA of a single, individual mammal. 
In exemplary embodiments, the analyte is capable of under 
going electrophoretic separation. The term “analyte” can 
herein also refer to tWo or more substances, compounds, or 
fragments that can be separated by electrophoresis. An 
analyte as referred to herein can be a biological substance or 
compound having either an overall negative charge, an 
overall positive charge, or a suf?cient polarity to be capable 
of electrophoretic mobility. 

[0015] The terms “analyte solution,”“analyte-containing 
sample,”“analyte-containing sample solution,” and varia 
tions thereof refer to a mixture or solution comprising one or 
more analytes and an electrophoresis medium, a carrier 
medium, a solvent, a vehicle, and/or a diluent for the one or 
more analytes. The electrophoresis medium, carrier 
medium, solvent, vehicle, and/or diluent can be, for 
example, Water, an aqueous solution, a buffer solution, a 
separation medium, or any other material compatible With 
the analyte(s). 

[0016] The term “electrophoretic device” refers to any 
structure or inter-related component parts capable of con 
ducting electrophoresis including the electrophoretic sepa 
ration of an analyte composed of a collection of fragments. 
Electrophoretic devices as described herein can include 
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capillary devices and channel devices. Electrophoretic 
devices can include microfabricated devices, for example, a 
grooved plate, card, chip, or other substrate. Electrophoretic 
devices can include an assembly of inter-related component 
parts, such as a capillary tube, sample Well, and detector. The 
electrophoretic device can include at least one sideWall 
having an inner surface and an outer surface, Wherein the 
inner surface de?nes, at least in part, an electrophoretic 
channel. 

[0017] The term “electrophoretic channel” refers to an 
elongate, narroW passage or other structure, for example, a 
capillary, a microcapillary, a capillary electrophoresis cap 
illary, a tube, or a groove, Wherein the electrophoretic 
channel is capable of containing a volume of analyte solu 
tion. The dimensions and shape of the electrophoretic chan 
nel can vary. For example, an electrophoretic channel can 
have a circular, oval, semi-circular, semi-oval, triangular, 
rectangular, square, or other cross-sectional area, or can 
have a combination of such cross-sectional areas. The elec 
trophoretic channel can be fabricated by a Wide range of 
technologies, including microfabrication techniques. Exem 
plary electrophoretic channel structures include a microcap 
illary, a lumen of an elongated tube, or a groove formed in 
a chip, Wafer or plate. The electrophoretic channel can have 
a sample injection end having a sample injection opening, 
and a second end opposite the sample injection end. 

[0018] The term “sample Well” refers to a sample retaining 
device that is capable of containing, retaining, or otherWise 
holding an analyte-containing sample solution. According to 
various embodiments, a sample Well can be a discrete 
structure, such as a vial, test tube, or other sample container, 
or it can be a recess, hole, or depression formed in, on, or 
through a substrate. A sample Well can be a portion or 
component of a device that comprises one or more such 
sample Wells, for example, a sample Well tray, a microtiter 
plate, or a channel device. Multiple sample Wells, Wherein 
each sample Well is a discrete structure, can be used in a 
device such as a sample Well tray or a microtiter plate. 

[0019] The term “separation medium” refers to a medium 
in Which an electrophoretic separation of one or more 
sample analytes or components can take place. A separation 
medium can comprise several components, at least one of 
Which can be a charge-carrying component, or electrolyte. 
The charge-carrying component can be part of a buffer 
system for maintaining the separation medium at a de?ned 
pH. The separation medium can be, for example, a polymer 
matrix used for electrophoretic separation. 

[0020] According to various embodiments, a system for 
injection of an analyte into an electrophoretic device can 
include a ?rst circuit and a second circuit. According to 
various embodiments, the ?rst circuit can include a ?rst 
electrode and a second electrode, and the second circuit can 
include the ?rst electrode and a third electrode. At least the 
?rst electrode, second electrode, and third electrode can each 
independently be disposed adjacent an electrophoretic chan 
nel of an electrophoretic device. The ?rst electrode can be 
positioned at or near the sample injection opening of the 
electrophoretic channel. The injection system can be used to 
inject an analyte from a sample Well containing an analyte 
solution into an electrophoretic device. One or more analyte 
in the analyte solution can be concentrated at the second 
electrode of the injection system by operation of the ?rst 
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circuit at, for example, about 5V or less. The concentrated 
analyte can be injected into the capillary of the eletro 
phoretic device by operation of the second circuit at, for 
example, about 1000V or more, When the electrophoretic 
channel, for example, a capillary, has an internal diameter of 
about 100 microns or less, for example, about 50 microns. 
The capillary can have a cross-sectional area of about 4000 
square microns or less, or 2000 square microns, or less. The 
capillary can have a length of from about 25 cm to about 100 
cm, for example, from about 33 cm to about 91 cm. 

[0021] A detailed description of exemplary embodiments 
of the system Will noW be provided With reference to the 
accompanying ?gures. As shoWn in FIGS. 1-5, a system 10 
for injecting an analyte into an electrophoretic device 
includes: a ?rst electrode 12; a second electrode 14 that in 
combination With the ?rst electrode 12 forms a ?rst circuit 
24 having a sWitch 26; and a third electrode 22 Which, in 
combination With ?rst electrode 12, forms second circuit 28 
having a sWitch 30. As shoWn in FIGS. 1-3, an insulator 16 
can be disposed betWeen the ?rst electrode and the second 
electrode. The system 10 can be used to form concentrated 
analyte 33 from analyte solution 32, and inject concentrated 
analyte 33 into a sample injection opening 20 of an elec 
trophoretic channel, such as capillary 18, of an electro 
phoretic device or portion thereof. 

[0022] According to various embodiments and as shoWn 
in FIGS. 1-5, the electrophoretic device can include an 
electrophoretic channel for example, a capillary 18, having 
a structure capable of retaining an analyte solution. Capil 
lary 18 can include a sample injection opening 20 or starting 
region at a sample injection end 17. The capillary 18 can be 
a discrete structure, or can be formed as part of a unitary 
structure, such as a chip, Wafer or plate. The capillary 18 can 
be ?lled With a separation medium such as an electrophore 
sis gel or a polymer matrix useful for conducting electro 
phoresis. 
[0023] According to various embodiments and as shoWn 
in FIGS. 1-4, the ?rst electrode 12 can be disposed adjacent 
the capillary 18. The ?rst electrode 12 can be a cathode. The 
?rst electrode 12 can be disposed adjacent one or more sides 
of the capillary 18, or can surround the capillary 18. The ?rst 
electrode 12 can be affixed permanently to, or can be 
detachable from, capillary 18. The ?rst electrode 12 can abut 
capillary 18. According to various embodiments, ?rst elec 
trode 12 can be separated from capillary 18 by the insulator 
16 and the second electrode 14, as shoWn in FIG. 1. 
According to various embodiments, the ?rst electrode 12 
can be coated on the capillary 18. The ?rst electrode 12 can 
form a sleeve Which can be ?tted around capillary 18, as 
shoWn in FIG. 4. 

[0024] The ?rst electrode 12 does not have to extend along 
the entire length of capillary 18 When the ?rst electrode 12 
is disposed adjacent to capillary 18. For example, the ?rst 
electrode 12 does not necessarily extend to the sample 
injection end 17 or to the second end 19 of the capillary 18. 
The ?rst electrode 12 can be disposed spaced a distance from 
sample injection end 17 of capillary 18 such that the ?rst 
electrode 12 can be in contact With an analyte solution When 
the sample injection end 17 of capillary 18 is placed in 
contact With the analyte solution. 

[0025] According to various other embodiments and as 
shoWn in FIG. 5, the ?rst electrode 12 can be in the form of 
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a sample Well 34. When the ?rst electrode 12 is a sample 
Well 34, the sample Well can be formed of a conductive 
material. When the ?rst electrode 12 is a sample Well, the 
sample Well can be a discrete structure, or can be a portion 
of a device comprising one or more sample Wells, such as a 
sample Well tray, a microtiter plate, or a channel device. 
According to various embodiments, the ?rst electrode 12 
can be a material coated onto an interior sideWall of the 
sample Well. 

[0026] According to various embodiments, the ?rst elec 
trode can be formed of any electrically conductive material, 
for example, platinum, stainless steel, copper, silver, gold, or 
alloys thereof. Other suitable electrically conductive mate 
rials for use as an electrode are knoWn to those of ordinary 
skill in the art. The ?rst electrode 12 can be a cathode. 

[0027] According to various embodiments, a second elec 
trode 14 can be disposed adjacent the sample injection 
opening 20 at the sample injection end 17 of the capillary 18. 
As shoWn in FIGS. 1-3 and 5, the second electrode 14 can 
be disposed immediately adjacent the capillary 18. When 
disposed immediately adjacent the capillary 18, the second 
electrode 14 can be located along one or more sides of 
capillary 18, or can completely surround the capillary 18. 
When disposed immediately adjacent the capillary 18, the 
second electrode 14 can be af?xed permanently to, or can be 
detachable from, the capillary 18. The second electrode 14 
can be coated on the capillary 18. The second electrode 14 
can be formed as a sleeve Which can be ?tted around 

capillary 18. According to various embodiments, the second 
electrode 14 can extend from the sample injection end 17 of 
capillary 18 along a length of capillary 18, but does not 
necessarily extend to the second end 19 of capillary 18. The 
second electrode can have a diameter of, for example, about 
700 microns, although other diameters can be used as 
appropriate, and can be determined by those of ordinary skill 
in the art. According to various embodiments, the second 
electrode 14 can be formed of any suitable electrically 
conductive material, such as, for example, platinum, stain 
less steel, copper, silver, gold, or alloys thereof. Other 
suitable electrically conductive materials knoWn to those of 
ordinary skill in the art can also be used. According to 
various embodiments, the second electrode 14 can be an 
anode. 

[0028] According to various embodiments, and as shoWn 
in FIG. 4, the second electrode 14 can be located in sample 
Well 34 such that one end of the second electrode 14 is 
located near the sample injection opening 20 at the sample 
injection end 17 of capillary 18. The second electrode 14 can 
be permanently af?xed to, or removable from, sample Well 
34. The second electrode 14 can be set in sample Well 34, or 
can extend through sample Well 34. In embodiments Where 
the second electrode 14 is set in or extends through sample 
Well 34, the second electrode 14 can be placed close to the 
sample injection opening 20 of the sample injection end 17 
of capillary 18. For example, the second electrode 14 can be 
positioned in sample Well 34 such that second electrode 14 
is about 100 microns or less from the sample injection end 
17 of capillary 18. According to various embodiments, 
second electrode 14 can be positioned in sample Well 34 
such that second electrode 14 is about 75 microns or less 
from the sample injection end 17 of capillary 18. 

[0029] According to various embodiments, the ?rst elec 
trode 12 and the second electrode 14 can both be disposed 
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adjacent the capillary tube 18, as shoWn in FIGS. 1-3. When 
the ?rst electrode 12 and the second electrode 14 are both 
disposed adjacent to, or both surround, capillary 18, the ?rst 
electrode 12 and second electrode 14 can be separated by an 
insulator 16 such that the second electrode 14 is immediately 
adjacent the capillary 18, and the insulator 16 is disposed 
betWeen the second electrode 14 and the ?rst electrode 12. 
In an exemplary embodiment, the insulator 16 can cover the 
entire length of a second electrode 14. The insulator 16 can 
leave uncovered the end of the second electrode 14 located 
near the sample injection opening 20 at the sample injection 
end 17 of capillary 18. The insulator 16 can leave only a tip 
of the second electrode 14 exposed Where concentrated 
analyte 33 is formed by the system 10 during operation. 

[0030] According to various embodiments and as shoWn 
in FIGS. 1-5, the third electrode 22 can be disposed adjacent 
capillary tube 18 at the second end 19 of capillary tube 18, 
that is, opposite the sample injection end 17. The third 
electrode 22 can be permanently or removably attached to 
the capillary tube 18. According to various embodiments, 
the third electrode 22 can be any suitable electrically con 
ductive material, such as, for example, platinum, stainless 
steel, copper, silver, gold, or alloys thereof Other suitable 
electrically conductive materials are knoWn to those of 
ordinary skill in the art. The third electrode 22 can be an 
anode. 

[0031] According to various embodiments and as shoWn 
in FIGS. 1-5, the ?rst electrode 12 and the second electrode 
14 can form a ?rst circuit 24 through an analyte solution 32. 
The ?rst circuit 24 can have a sWitch 26 to control the How 
of poWer from a poWer source, such as a battery, to the ?rst 
circuit 24. The ?rst circuit 24 can be formed such that When 
no poWer is provided to the ?rst circuit 24, the ?rst electrode 
12 and the second electrode 14 are supplied With no voltage 
by the ?rst circuit. When poWer is provided to the ?rst circuit 
24 by closing the sWitch 26, the ?rst electrode 12 can be 
negatively charged, making the ?rst electrode 12 a cathode, 
and the second electrode 14 can be positively charged, 
making the second electrode 14 an anode. Operation of the 
?rst circuit can be used to concentrate one or more analytes 
from the analyte solution 32 at the second electrode 14, as 
shoWn in FIG. 2. Concentrated analyte 33 can be formed 
adjacent, for example, the second electrode 14, the sample 
injection opening 20, and the sample injection end 17, as 
shoWn in FIG. 2. 

[0032] The ?rst electrode and the second electrode can be 
separated by any distance suitable to create an electric ?eld 
gradient suf?cient to move an analyte through the analyte 
solution toWards the sample injection opening of the elec 
trophoretic channel, such as a capillary, to form concentrated 
analyte suitable for injection into the electrophoretic chan 
nel. For example, the distance betWeen the ?rst electrode 
and the second electrode can be about 500 microns, When 
the electrophoretic channel is a microcapillary. Other suit 
able distances as knoWn to those skilled in the art can be 
used based on factors including the respective locations of 
the ?rst electrode and the second electrode, the siZe of the 
sample Well, the diameter of the electrophoretic channel, and 
the composition and amount of the analyte solution. 

[0033] According to various embodiments, ?rst circuit 24 
can be poWered by a poWer supply suf?cient to apply a 
voltage differential of about 5V or less, about 4V or less, 
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about 3.5V or less, about 3V or less, or about 1V or more, 
between the ?rst electrode 12 and the second electrode 14. 
Maintaining a loW voltage in the ?rst circuit 24 can reduce 
or eliminate the formation of bubbles during concentration 
of an analyte from the analyte solution at or near the second 
electrode 14. For example, at 3.5V or less, feW or no bubbles 
are formed by electrolysis caused by the ?rst circuit. The 
voltage differential applied betWeen the ?rst electrode 12 
and the second electrode 14 of the ?rst circuit 24 can be 
greater than 5V, depending on the properties of the analyte 
and the injection system. An appropriate voltage can be 
determined by those of ordinary skill in the art based on the 
analyte, analyte solution, electrophoretic device, and speed 
of analyte concentration desired. 

[0034] According to various embodiments, the poWer sup 
ply for the ?rst circuit 24 can supply direct current (DC) to 
the electrodes. According to various other embodiments, the 
poWer supply can supply alternating current (AC) and can be 
used in conjunction With a converter, such as a recti?er 
and/or capacitor, to convert AC to DC such that direct 
current can be provided to the electrodes. 

[0035] According to various embodiments, the ?rst circuit 
24 can be operated for a period of time sufficient to con 
centrate an analyte at or near the second electrode 14. The 
?rst circuit 24 can be operated for a period of about 30 
seconds or less, for example, about 25 seconds or less, about 
20 seconds or less, or about 15 seconds or less. Other periods 
of time can be used as appropriate for a given combination 
of analyte, analyte solution, electrophoretic device, voltage, 
and desired speed of analyte concentration or concentration 
time before injection. 

[0036] According to various embodiments, the ?rst elec 
trode 12 and the third electrode 22 can form a second circuit 
28 through a separation medium, for example, a polymer 
matrix, in the sample injection opening 20 of the capillary 
18. The separation medium can be any polymer, gel, or 
composition suitable for electrolytic separation of one or 
more analytes sought to be electrophoresed. The separation 
medium in the capillary 18 can be the same as one or more 

components of the analyte solution, such as the electro 
phoresis medium or the carrier medium, or can be different 
than the components of the analyte solution. The second 
circuit 28 can have a sWitch 30 to control the How of poWer 
from a poWer source to the second circuit 28. The second 
circuit 28 can be formed such that When no poWer is 
provided to the second circuit, the ?rst electrode 12 and the 
third electrode 22 have no voltage provided thereto by the 
second circuit. When poWer is provided to the second circuit 
28 by closing the sWitch 30, the ?rst electrode 12 is 
negatively charged, making the ?rst electrode 12 a cathode, 
and the third electrode 22 is positively charged, making the 
third electrode 22 an anode. When the second circuit 28 is 
operated, the poWer supplies can be operated such that no 
poWer is provided to the second electrode 14 from the 
second circuit 28. The second electrode 14 can be located 
Within the region of the electric ?eld generated by the ?rst 
electrode 12. 

[0037] The ?rst electrode 12, the second electrode 14, and 
the third electrode 22 can all be part of the second circuit 28, 
Wherein the ?rst electrode 12 and the second electrode 14 
can both function as cathodes, and the third electrode 22 can 
function as an anode. As shoWn in FIG. 3, operation of the 
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second circuit can effect injection of the concentrated ana 
lyte 33 into the capillary 18 by repelling the concentrated 
analyte 33 from the ?rst electrode 12 in the analyte solution 
32, and attracting the concentrated analyte 33 toWard the 
third electrode 22 at the second end 19 of the capillary 18. 

[0038] The ?rst electrode and the third electrode can be 
separated by any distance suitable to create an electric ?eld 
gradient suf?cient to inject concentrated analyte through the 
sample injection opening into the electrophoretic channel, 
for example, into a microcapillary. Asuitable distance can be 
determined by those skilled in the art based on various 
factors such as the diameter and length of the electrophoretic 
channel, the separation medium, the charge of the concen 
trated analyte, and the poWer applied to the second circuit. 
For example, the ?rst electrode and the third electrode can 
be separated by a distance of from about 31 cm to about 91 
cm When the electrophoretic channel is a microcapillary. 

[0039] According to various embodiments, the second 
circuit 28 can be poWered suf?ciently to apply a voltage of 
about 1000V or more, for example, about 1500V or more, 
betWeen the ?rst electrode 12 and the third electrode 22, and 
optionally betWeen the ?rst and second electrodes and the 
third electrode if the second electrode 14 is part of the 
second circuit 28. The voltage applied to the second circuit 
28 can be suf?cient to repel concentrated analyte 33 from 
Where the concentrated analyte 33 is collected at or near the 
second electrode 14. The voltage supplied to the second 
circuit 28 can be suf?cient to draW or attract the concentrated 
analyte 33 toWards the third electrode 22 through the cap 
illary 18. 

[0040] According to various embodiments, the poWer sup 
ply for second circuit 28 can supply direct current (DC) to 
the electrodes. According to various other embodiments, the 
poWer supply can supply alternating current (AC) and can be 
used in conjunction With a converter, such as a recti?er 
and/or capacitor, to convert AC to DC such that direct 
current can be provided to the electrodes. 

[0041] According to various embodiments, the second 
circuit 28 can be run at a voltage of about 1000V or more, 
for example, about 1500V or more, for a period of time 
suf?cient to inject concentrated analyte 33 into the capillary 
18. According to various embodiments, the second circuit 28 
can be run for a period of at least about 15 seconds, for 
example, at least about 20 seconds, at least about 25 sec 
onds, or at least about 30 seconds, after Which time the 
voltage can be continued, increased, decreased, or discon 
tinued. Other periods of time can be used as appropriate for 
a given combination of analyte, analyte solution, electro 
phoretic device, voltage, and desired speed of separation of 
the analyte(s). For example, according to various embodi 
ments, the second circuit 28 can be operated at an initial 
voltage of about 1500V for a period of about 20 seconds to 
inject the concentrated analyte 33 into the capillary 18, and 
then the voltage can be increased to about 15KV for a period 
suf?cient to effect electrophoretic separation of the ana 
lyte(s) from other components and/or analytes in the analyte 
solution. 

[0042] In operation, injection system 10 can be placed in 
?uid communication With a sample Well 34 containing an 
analyte solution 32. The electrophoretic channel, for 
example, capillary 18, can be placed in ?uid communication 
With the analyte solution 32 in the sample Well 34. The 
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capillary 18 can be separated from sample Well 34 and 
subsequently placed or caused to be in ?uid communication 
thereWith, or the capillary 18 can be permanently connected 
to the sample Well 34, such as by a unitary construction of 
a micro?uidic device as, for example, in a card, chip, or plate 
device. According to various method embodiments, the ?rst 
electrode 12 can be disposed adjacent the capillary 18, and 
at least a portion of the ?rst electrode 12 can be placed in 
contact With the analyte solution 32. According to various 
other method embodiments, the ?rst electrode 12 can be in 
the form of sample Well 34, and the ?rst electrode 12 can be 
?lled With an analyte solution 32 into Which the capillary 18 
can be placed. The method can utiliZe a device Wherein the 
second electrode 14 can be disposed adjacent the sample 
injection end 17 of the capillary 18, and at least a portion of 
the second electrode 14 can be in contact With the analyte 
solution 32. The method can utiliZe a device Wherein the 
second electrode 14 can be in contact With the capillary 18, 
as shoWn in FIGS. 1-3 and 5, or the second electrode 14 can 
be located in the sample Well 34, as shoWn in FIG. 4. 

[0043] According to various embodiments, the injection 
system 10 can be in ?uid communication With the analyte 
solution 32. The sWitch 26 can be closed, providing poWer 
to the ?rst circuit 24 such that the ?rst electrode 12 can be 
negatively charged and the second electrode 14 can be 
positively charged. The sWitch 26 can be maintained in the 
closed position for a period of time sufficient to concentrate 
analyte from the analyte solution 32 at or near the second 
electrode 14. For example, the sWitch 26 can be maintained 
in the closed position for a period of about 30 seconds or 
less, for eXample, about 25 seconds or less, about 20 seconds 
or less, or about 15 seconds or less. While sWitch 26 is 
closed, sWitch 30 can remain open. 

[0044] After analyte is concentrated at the second elec 
trode 14, the sWitch 26 can be opened so that no poWer is 
provided to the ?rst circuit 24. The sWitch 30 can then be 
closed to provide poWer to the second circuit 28. When the 
second circuit 28 is poWered, the ?rst electrode 12 can be 
negatively charged and the third electrode 22 can be posi 
tively charged, and, optionally, the second electrode 14 can 
be negatively charged. The sWitch 30 can be maintained in 
the closed position for a period of time suf?cient to draW at 
least a portion of the concentrated analyte 33 from the 
second electrode 14 through the sample injection opening 20 
of the capillary 18 and toWard the third electrode 22. For 
eXample, sWitch 30 can be maintained in the closed position 
for a period of about 15 seconds or more, for eXample, about 
20 seconds or more, about 25 seconds or more, or about 30 
seconds or more. While the sWitch 30 is closed, the sWitch 
26 can remain open. 

[0045] According to various embodiments, changing the 
charge of the second electrode 14 from a positive charge to 
either no charge or to a negative charge aids in releasing 
concentrated analyte 33 from at or near the second electrode 
14. When the charge of the second electrode 14 is changed 
from a positive charge to a negative charge, the concentrated 
analyte 33 can be actively repulsed from the second elec 
trode 14. 

[0046] According to various embodiments, the use of the 
injection system 10 can result in the collection of all 
analyte(s) from the analyte solution 32 disposed in the 
sample Well 34. The ef?ciency of analyte concentration and 
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injection using the injection system 10 enables the use of 
much smaller analyte concentrations in analyte solution 32 
relative to concentrations that can be used in other knoWn 
analyte collection techniques Wherein analyte is collected 
from only a small portion of analyte solution in a sample 
Well. The injection system 10 can provide a concentration of 
at least about 70%, for eXample, at least about 80%, at least 
about 90%, at least about 95%, or at least about 99% of the 
analyte in the sample Well, in a region at, near, or around the 
second electrode 14, and near the sample injection opening 
20 of the capillary 18. According to various embodiments, 
injection system 10 can provide the injection of at least 
about 70%, for eXample, at least about 80%, at least about 
90%, at least about 95%, or at least about 99% of the 
available analyte in the analyte solution into the sample 
injection opening 20 of the capillary 18. According to 
various embodiments, the injection system 10 can inject 
about 99% of the available analyte from the analyte solution 
from the sample Well 34 into the capillary 18. The ability to 
use a loWer concentration of analyte in a sample, due to the 
use of the injection system 10, enables conservation of 
samples for other analyses or processing, and can reduce or 
eliminate a need for sample ampli?cation, such as, for 
eXample, DNA ampli?cation by polymerase chain reaction 
(PCR). 
[0047] Injection of analyte into an electrophoretic device 
using an injection system 10 according to various embodi 
ments can be carried out as folloWs: 

[0048] 
34; 

a) add an analyte solution 32 to a sample Well 

[0049] b) place injection system 10 in ?uid commu 
nication With the analyte solution 32 in the sample 
Well 34; 

[0050] c) close the sWitch 26 for a ?rst electrical 
circuit 24 to provide a charge to a ?rst electrode 12 
and an opposite charge to a second electrode 14; and 

[0051] d) open the sWitch 26 and close a sWitch 30 for 
a second electrical circuit 28 to provide a ?rst charge 
to the ?rst electrode 12, an opposite charge to a third 
electrode 22, and, optionally, the same charge as the 
?rst charge to the second electrode 14. 

[0052] According to various embodiments, the step of 
closing the sWitch 26 can occur for a period of time suf?cient 
to concentrate analyte at or near the second electrode 14. 
According to various embodiments, the sWitch 30 can be 
closed for a period of time suf?cient to inject concentrated 
analyte 33 from the second electrode 14 into the sample 
injection opening 20 of the capillary 18. 

[0053] According to various embodiments, the charges to, 
attraction of, and repulsion of analyte resulting from the 
electrodes of the system 10 do not damage sensitive bio 
logical components or agents from the analyte solution, such 
as ?uorophores. 

[0054] According to various embodiments, a method of 
using a system for the injection of an analyte into an 
electrophoretic device is described. The method can include 
adding an analyte solution to a sample Well, concentrating 
analyte in the sample Well at or near an electrode positioned 
near a sample injection opening of an electrophoretic device, 
and injecting or directing the analyte into the sample injec 
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tion opening of the electrophoretic device. According to 
various embodiments, concentrating the analyte can be 
effected by operation of a ?rst circuit, and injection of the 
analyte can be effected by operation of a second circuit. 

[0055] As described herein, an analyte is injected into a 
capillary of an electrophoretic device. The system and 
method described herein exemplify an analyte of negative 
charge. HoWever, the system as described can be modi?ed 
for use With positively charged analytes by reversing the 
respective charges on the respective ?rst, second, and third 
electrodes. 

[0056] Other embodiments Will be apparent to those 
skilled in the art from consideration of the present speci? 
cation and practice of the present teachings disclosed herein. 
It is intended that the present speci?cation and examples be 
considered as exemplary only. 

What is claimed is: 
1. A system for injecting an analyte, comprising: 

a ?rst electrical circuit including a ?rst electrode, a second 
electrode, and an interruptible electrical communica 
tion betWeen the ?rst electrode and the second elec 
trode; 

a second electrical circuit including the ?rst electrode, a 
third electrode, and an interruptible electrical commu 
nication betWeen the ?rst electrode and the third elec 
trode; and 

an electrophoretic device including an electrophoretic 
channel, the electrophoretic channel including a sample 
injection end having a sample injection opening, and a 
second end opposite the sample injection end, Wherein 

the ?rst electrode is disposed adjacent and outside the 
electrophoretic channel, the second electrode is dis 
posed adjacent the sample injection opening, and the 
third electrode is disposed adjacent the second end of 
the electrophoretic channel. 

2. The system of claim 1, further including a sample Well, 
and an analyte solution disposed in the sample Well, Wherein 
the analyte solution is in ?uid communication With the 
sample injection opening. 

3. The system of claim 2, Wherein the sample Well is 
permanently positioned relative to the electrophoretic chan 
nel. 

4. The system of claim 1, Wherein the ?rst circuit is 
capable of applying a negative voltage to the ?rst electrode. 

5. The system of claim 1, Wherein the ?rst circuit is 
capable of applying a positive voltage to the second elec 
trode. 

6. The system of claim 1, Wherein the ?rst circuit is 
capable of applying a voltage differential of about 5V or less 
betWeen the ?rst electrode and the second electrode. 

7. The system of claim 1, Wherein the ?rst circuit is 
capable of applying a voltage differential of about 3V or less 
betWeen the ?rst electrode and the second electrode. 

8. The system of claim 1, Wherein the second circuit is 
capable of providing a negative charge to the ?rst electrode. 

9. The system of claim 1, Wherein the second circuit is 
capable of providing a positive charge to the third electrode. 

10. The system of claim 1, Wherein the second circuit 
further includes an electrical communication betWeen the 
second electrode and the third electrode. 
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11. The system of claim 10, Wherein the second circuit is 
capable of providing a negative charge to the second elec 
trode. 

12. The system of claim 1, Wherein the second circuit is 
capable of providing a voltage differential of about 1000V or 
more betWeen the ?rst electrode and the third electrode. 

13. The system of claim 1, further including a sample 
Well, Wherein the second electrode is disposed in the sample 
Well. 

14. The system of claim 1, Wherein the second electrode 
is disposed along and outside the electrophoretic channel. 

15. The system of claim 14, Wherein the electrophoretic 
device includes at least one sideWall having an inner surface 
and an outer surface, the electrophoretic channel is de?ned 
at least in part by the inner surface, and the system further 
includes an insulator, and Wherein the second electrode is 
disposed betWeen the outer surface and the insulator, and the 
insulator is disposed betWeen the second electrode and the 
?rst electrode. 

16. The system of claim 1, Wherein the ?rst electrode 
includes a structure capable of containing an analyte solu 
tion. 

17. The system of claim 16, Wherein the ?rst electrode is 
a sample Well. 

18. The system of claim 16, Wherein the ?rst electrode 
comprises a coating on an interior surface of a sample Well. 

19. The system of claim 1, Wherein the electrophoretic 
channel contains an electrophoretic separation medium. 

20. A method of injecting analyte, comprising: 

a) providing the system of claim 13; 

b) introducing analyte solution to the sample Well; 

c) supplying a voltage to the ?rst electrical circuit to 
provide a voltage differential betWeen the ?rst electrode 
and the second electrode for a period of time suf?cient 
to concentrate analyte from the analyte solution at or 
near the second electrode; and 

d) interrupting the ?rst electrical circuit and supplying a 
voltage to the second electrical circuit to provide a 
voltage differential betWeen the ?rst electrode and the 
third electrode for a period time suf?cient to inject the 
concentrated analyte into the sample injection opening 
of the electrophoretic device. 

21. A method of injecting analyte, comprising: 

a) introducing an analyte solution to a sample Well; 

b) contacting the analyte solution With the ?rst circuit of 
the system of claim 1, Wherein the analyte solution is 
in contact With at least the ?rst electrode, the second 
electrode, and the sample injection opening; 

c) supplying a voltage differential across the ?rst circuit to 
form concentrated analyte from the analyte solution at 
or near the second electrode; and 

d) supplying a voltage differential across the second 
circuit to inject the concentrated analyte through the 
sample injection opening and toWard the third elec 
trode. 

22. The method of claim 21, Wherein the electrophoretic 
device and the sample Well are affixed to a common sub 
strate and are in ?uid communication With each other. 
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23. The method of claim 22, wherein the voltage differ 
ential across the ?rst circuit is supplied for the period of time 
of about 30 seconds or less. 

24. The method of claim 21, Wherein the voltage differ 
ential across the ?rst circuit is interrupted While the voltage 
differential across the second circuit is supplied. 

25. The method of claim 21, Wherein the voltage differ 
ential supplied across the ?rst circuit is about 5V or less. 

26. The method of claim 21, Wherein the voltage differ 
ential supplied across the second circuit is about 1000V or 
more. 

27. The method of claim 21, Wherein the second circuit 
further includes the second electrode and an interruptible 
electrical communication between the second electrode and 
the third electrode. 
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28. A method comprising: 

contacting a ?uid sample with an entrance opening of an 
electrophoretic separation capillary, the ?uid sarnple 
being disposed in a container and including at least one 
target cornponent; 

providing an electric ?eld that concentrates the at least 
one target component at or near the entrance opening to 
form a concentrated target component; and 

providing an electric ?eld that injects the concentrated 
target component into the electrophoretic separation 
capillary through the entrance opening. 


